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ABSTRACT 

In  diesel  engines,  injector  nozzle  geometry  and  number  of  holes  influence  on  the  working  characteristics  due  to  the 
reason  that  both  the  parameters  influences  the  spray  factors  namely  penetration  length  and  droplet  size.  Therefore,  the 
causes  of  number  ofhole  in  injector  on  the  working  feather  ofa  diesel  engine  utilizing  diesel  and  20%  Lemomgrass  oil 
methyl  ester  (LGOME20)  was  experimentally  investigated  with  various  engine  loads  with  respect  of  brake  power.  The 
injector  with  3,  4  and  5  hole  nozzle  were  used  for  this  study.  The  output  showed  that  the  Nitrogen  Oxides  (NOx)  emission 
and  Brake  Specific  Fuel  Consumption  (BSFC),  were  increased,  HydroCarbon  (HC),  Carbon  monoxide  (CO)  and  smoke 
opacity,  emissions  were  diminished  for  LGOME20  with  4  hole  and  5  hole  injector  when  compared  to  LGOME20  with 
standard  3  hole  injector. 
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1.  INTRODU CTION 

For  social  and  economical  enhancement,  Sustainable  source  of  energy  is  important.  The  available 
conventional  energy  sources  fossil  fuels  is  not  sufficient  to  obtain  the  demand  of  high  rising  energy.  The 
depleting  and  rising  rate  of  petroleum  resources  with  the  increasing  emission  levels  have  enables  us  to  search 
of  alternative,  renewable,  and  sustainable  diesel  fuel.  India  is  one  of  the  highest  on  oil-consuming  nations,  and 
trades  about  70%  of  its  oil  needs.  Per  day  the  consumption  of  oil  totally  is  2.8  million  barrels.  The  demand  for 
fossil  fuel  will  increase  over  the  decade  and  by  2024  nearly  250  million  ton  is  expected  [1].  In  order  to 
minimize  the  import  of  crude  oil  and  to  become  a  self-confident  energy  sector,  India  has  started  using 
renewable  energies  in  the  last  three  decades  [2]. 

Advantages  of  renewable  fuels  are  biodegradable  and  non-toxic  when  compared  to  fossil  fuels.  Using  of 
Renewable  energy  from  non-edible  oils  lowers  greenhouse  gas  emissions  and  provides  the  nation  with  healthy 
food  and  energy  protection  and  sustainable  energy  efficiency.  Usage  of  Renewable  energy  derived  from  non- 
edible  oil  decreases  Emission  of  green  house  gases  and  it  gives  enhanced  energy  security  to  the  country  [3,4]. 
Renewable  fuels  namely  biofuels  can  therefore  be  utilized  as  fuel  for  both  the  electricity  generation  and  transport 
sectors  [5,6]. 

The  long  term  process  of  engine  with  neat  vegetable  oils  poses  some  problems  namely  coking,  carbon 
deposits  and  etc.  [7].  Though,  there  are  various  techniques  for  minimizing  vegetable  oil  viscosity  that  contain 
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blending,  preheating,  and  tranesterification  process  [8-11]  Transesterification  of  vegetable  oils  to  create  esters  is  usually 
referred  as  biodiesel.  For  bio  diesel  production,  a  various  number  of  vegetable  oils  are  utilized  which  is  utilized  in  the 
diesel  engine  applications.  They  are  Rubber  seed,  Jatropha,  Karanja,  Mahua,  Neem  oils  and  Punnai  [12-18]. 

Hountalas  and  Zannis  [19]  numerically  studied  the  effect  of  injector  flow  at  different  injection  pressures  on  the 
development  of  combustion  and  contaminants  using  a  multi-zone  combustion  configuration  on  heavy  duty  diesel  engine. 
Their  results  revealed  that  significant  enhancements  on  the  output  of  engines  and  pollutant  emissions.  Cenk  Sayin  et  al  [20] 
investigated  the  engine  performance  using  2,  4,  6  and  8  hole  nozzle  injectors.  Their  results  reported  that  the  BTE  was 
enhanced  and  the  smoke  opacity,  CO  and  HC  emissions  is  reduced  and  increased  NOx  emission  due  to  the  increase  in 
injector  holes.  Gumus  et  al  [21]  the  performance  characteristics  of  an  engine  using  canola  oil  methyl  ester  and  its  blends 
with  injection  timing  and  pressure  effect  have  been  studied.  The  results  showed  that  when  compared  to  diesel,  the 
combustion  characteristics  of  COME  blends  were  lower.  It  is  also  noted  that  the  initial  timing  of  the  injection  had  the  best 
results  for  BTE  compared  to  advanced  and  retarded  ITs. 

Ramadhas  et  al  [22]  tested  the  engine  with  pure  rubber  seed  oil  biodiesel.  It  is  found  that  lesser  blends  of  biodiesel 
raise  the  BTE  and  reduce  in  exhaust  emissions.  Som  et  al  [23]  studied  the  consequences  of  orifice  geometry  of  nozzle  by 
simulations  using  CFD  software.  It  is  found  that  the  conicity  and  hydro  grinding  increases  the  spray  penetration  and 
reducing  dispersion  resulting  the  increases  the  vaporization  rate  fuel  and  air. 

From  survey  that  very  small  work  has  been  done  on  Effect  of  holes  count  in  the  injector  on  the  working 
characteristics  of  diesel  engines.  In  this  context,  the  aim  of  this  study  is  to  examine  the  emission  and  performance 
characteristics  of  diesel  engine  by  20%  LGOME20  blend  with  the  effect  of  3,  4  and  5  holes  injectors  and  they  compared 
the  results  with  diesel. 

2.  MATERIAL  AND  METHODS 

2.1  Preparation  of  Lemongrass  Oil  and  its  Methyl  Ester 

In  this  work,  Lemongrass  oil  methyl  ester  produced  from  lemon  grass  oil.  Lemongrass  (Cymbopogan  flexuosus)  is  a  large 
native  aromatic  sedge  (family:  Poaceae)  that  grows  in  many  components  of  South  East  Asia  and  Africa  in  tropical  and 
subtropical  regions.  It  grows  to  about  2  meters  and  has  red  base  stems.  Lemon  grass  is  harvested  and  dried  in  sunlight  for  a 
week.  With  the  help  of  mechanical  expeller,  the  oil  is  extracted  from  dried  grass.  In  the  lemon  grass  oil  and  lemon  the  10% 
hexane  is  added  to  eliminate  the  impurities.  At  85°C  stirring  it  for  15  minutes  and  leave  it  for  30minutes  to  settle  the 
unwanted  organic  matter.  At  low  boiling  point,  the  hexane  is  evaporated  and  the  bottom  impurities  are  eliminated  [24]. 
This  oil  has  sweet  smell,  lemony,  reddish  in  color  and  dark  yellow  to  amber  with  watery  viscosity.  The  chemical  parts  of 
such  oils  are  nerol,  geranyl  acetate,  myrcene,  traces  of  limonene  and  citral  [25]. 
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Table  1:  Fuel  Properties  Comparison 


Properties 

ASTM  Standard 

Diesel 

LGOME 

Density  (kg/m3) 

D4052 

840 

830 

K.Viscositv  (cb  40  DC  (cSt) 

D445 

3.2 

4.34 

Spediic  gravity 

D1298 

0.83 

0.87 

Caloiiiic  value  (Ml/kg) 

D240 

43 

38.79 

Flash  point  (°C) 

D93 

55 

50 

Fire  point  fDC) 

D93 

63 

58 

Cetame  Number 

D976 

48 

64 

Oxvgen  (%)  by  wt 

D943 

- 

12 

2.2  Test  Engine  Set  Up 

In  this  work,  the  test  was  conducted  in  a  dynamic  compression  ratio  with  diesel  engine  multi-fuel  capacity  and  eddy 
current  dynamometer.  Table  2  shows  the  specifications  of  the  test  engine.  The  diesel  and  biodiesel  mixture  was  contained 
in  a  separate  fuel  tank.  A  burette  and  a  stop  watch  method  is  utilized  to  compute  the  fuel  flow  fed  in  to  the  engine  in  each 
load.  Test  was  conducted  with  all  the  test  fuels  for  different  loads,  starting  from  no  load  to  full  load  condition  in  the  steps 
of  25%.  Figure  1  shows  the  schematic  of  test  engine.  AVL-444  gas  analyser  considered  exhaust  gasses,  namely  CO,  C02, 
HC,  NO  and  measured  smoke  opacity  using  AVL-437C  smoke  meter.  The  exhaust  gasses  such  as  HC,  C02,  CO  are 
measured  by  infrared  calculation  and  other  constituent  NO  is  calculated  by  the  principles  of  photo  chemical  sensors.  All 
the  instruments  are  calibrated  periodically  in  reputed  testing  centers.  During  the  experiment,  the  data  acquisition  system 
was  computerized  to  capture,  store  and  analyze  data  using  different  sensors.  The  engine's  performance  was  analyzed  using 
the  online  performance  and  combustion  analysis  software  ' '  Engine  soft  8.0  '.  ' 


Figure  1:  Schematic  Test  Engine  View. 
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3  Hole  Injector  4  Hole  Injector  5  Hole  Injector 

Figure  2:  Injectors  with  Yarying  Numbers  of  Nozzles. 


Table  2:  Specifications  of  the  Test  Engine 


General  details 

Kirloskar  TV-1. 4-Stroke.  water 

■vWvWvW\WAWv  -a  J 

cooled.  VCR 

Ratedpower 

5.2kWat  1500rpm 

Speed 

1500rpm 

Number  of 
cylinder 

Single  cylinder 

Compressionratio 

12:1-20:1 

Bore 

87.5  mm 

Stroke 

llOmm 

Loading 

Eddy  current  dynamometer 

FueLinjection 

pressure 

200bar 

Injectiontiming 

23°bTDC 

2.3  Test  Procedure 

In  this  research  work,  the  experiment  was  conducted  in  a  single  cylinder  diesel  engine  with  standard  injection  pressure  and 
timing,  and  compression  ratio  at  the  rated  speed  of  1500rpm  utilizing  on  diesel  and  LGBDB20  in  order  to  examine  the 
emission  characteristics,  combustion  and  performance.  Then  the  experiment  was  repeated  with  the  same  fuel  LGOME20 
with  4  hole  and  5  hole  injectors.  Figure  2  shows  the  fuel  injectors  with  3,  4  and  5  holes  used  in  the  study.  The  diesel  engine 
was  used  to  drain  the  fuel  in  the  fuel  line  after  finishing  point  of  each  test.  The  time  taken  for  specified  quantity  of  fuel  fed 
into  the  engine,  exhaust  gas  emissions  and  smoke  opacity  were  measured  for  both  the  fuels  at  each  load.  For  the  base  line 
data,  BTE)  and  BSFC  for  diesel  fuel  were  recorded  and  calculated.  In  each  test  all  the  performance,  combustion  parameters 
and  exhaust  emission  values  were  computed  and  stored  and  the  results  were  examined  and  discussed. 

3.  RESULTS  AND  DISCUSSIONS 

The  experiments  were  performed  with  an  engine  with  different  injector  nozzle  holes  like  3,4  and  5  holes  with  loads 
yarying.  Every  charge  the  rate  of  fuel  flow,  EGT  and  exhaust  gas  emissions  were  recorded  for  further  analysis  and  the 
performance  were  compared  with  diesel  and  LGBD20  at  standard  injector  with  three  hole  nozzle  at  full  load. 
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Figure  3  represents  the  difference  of  BTE  with  BP  for  diesel  and  LGOME20  with,  4  and  5  hole  nozzle.  It  is  noticed  that 
BTE  of  diesel  and  LGOME20  with  3hole  nozzle  is  31.7%  and  28.9%  at  full  load.  The  reduce  in  BTE  for  biodiesel  blend 
because  of  lesser  calorific  value  and  high  yiscosity  of  the  biodiesel  blend.  The  highest  BTE  was  obtained  for  LGOME20 
with  4  hole  and  5  hole  nozzle  is  30.2%  and  31.12%  respectively.  The  raise  in  BTE  may  be  attributed  to  the  more  efficient 
atomization  of  fuel  at  five  holes  which  helps  to  form  the  homogeneous  air-fuel  mixture  and  spray  characteristics  are  retain 
the  presence  of  the  oxygen  in  the  bio  diesel  which  leads  to  better  combustion[  19,20].  These  results  are  similar  with  the 
researchers  Raheman  and  Phadatare  (2004). 


Figure  3:  BTE  Difference  with  BP. 


3.2  BSFC 

The  BSFC  difference  with  BP  for  the  test  fuel  at  3,  4  and  5  hole  injector  as  depicted  in  Figure  4.  The  common  development 
of  reduce  in  BSFC  with  increase  in  load  is  experimental  for  the  blends  related  to  the  diesel  fuel  at  all  the  loads  [34].  It  is 
noticed  that  the  BSFC  obtained  for  diesel  and  LGOME20  with  3  hole  nozzle  is  0.25kg/kWh  and  0.29kg/kWh  respectively 
at  100%  load.  Increase  in  number  of  nozzle  hole  decreases  the  BSFC  value  at  all  loads  for  biodiesel  blend  because  of  better 
atomization  of  fuel  which  enhances  the  better  combination  of  air  and  fuel  leads  to  enhanced  combustion  an  thus  decreases 
the  BSFC.  BSFC  obtained  for  LGOME20  with  4  and  5  hole  nozzle  is  0.27kg/kWh  and  0.26kg/kWh  respectively. 


Figure  4:  BSFC  Difference  with  BP. 
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3.3  CO  Emissions 

Figure  5  depicted  the  difference  in  CO  emissions  with  respect  to  BP  for  diesel  and  LGOME20  with  3,4  and  5  hole 
injectors.  Carbon  monoxide  emission  is  an  odorless,  tasteless,  and  colorless,  and  the  mainly  toxic  material  that  is  originated 
in  the  CI  engine  exhaust  gases.  In  the  compression  ignition  engine,  the  CO  emission  from  engine  exhaust  is  lower  than  in 
the  spark  ignition  system,  since  the  compression  ignition  is  always  worked  with  a  lean  mixture  CO  emissions  are  observed 
to  reduce  with  raise  in  loads  as  shown  in  the  figure  for  all  test  fuels.  The  CO  emission  obtained  for  diesel  and  LGOME20 
with  3  hole  nozzle  is  0.17%  and  0.15%  correspondingly  at  100%  load.  The  reduction  in  CO  emissions  for  biodiesel 
mixture  can  be  due  to  more  oxygen  molecule  in  biodiesel,  which  helps  to  promote  the  oxidation  of  biodiesel  fuel  at 
elevated  temperatures  during  the  combustion  process.  It  is  also  noted  that  the  CO  emission  was  raising  with  a  raise  in 
number  of  nozzle  hole  due  to  improved  atomization  resulting  in  a  more  distributed  vapor,  and  hence  improved  mixing  of 
air  and  fuel  leads  to  more  effective  usage  of  the  biodiesel  resulting  in  reduced  CO  emissions  [26].  The  CO  emission 
obtained  for  LGOME20  with  4and  5  hole  nozzle  is  0.13%  and  0.1%  respectively  at  100%  load.  These  outputs  are 
dependable  with  the  researchers  Ramadhas  et  al.  (2005). 


Figure  5:  CO  Difference  with  Brake  Power. 


3.4.  Hydrocarbon  (HC)  Emissions 


Brake  power  (kW) 

Figure  6:  HC  difference  with  BP. 
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Figure  6  illustrated  the  HC  difference  with  respect  to  BP  for  all  the  fuels  with  3,  4  and  5  hole  injectors.  This 
unburnt  and  partially  burnt  hydrocarbon  is  the  direct  outcome  of  incomplete  combustion  in  the  combustion  chamber.  It  is 
noticed  that  HC  emissions  for  diesel  and  LGOME20  is  54ppm  and45ppm  respectively  at  full  load.  The  decrease  in  HC 
because  of  more  the  amount  of  02  in  the  biodiesel  molecule  contributes  to  complete  combustion.  It  is  also  noticed  that  HC 
emissions  for  LGOME20  with  4and  5  hole  nozzle  is  38ppm  and  32ppm  respectively  at  100%  load.  This  is  because  of 
enhanced  atomization  vaporization  of  fuel  leads  to  lower  ignition  delay  outcome  in  better  combustion  of  biodiesel  blend. 
These  results  are  similar  with  the  researchers  Som  et  al.  (2011). 

3.5  Nitrogen  Oxides  (NOx)  Emissions 


Bi  ake  powei  (kW) 

Figure  7:  NO  Emission  Difference  with  BP. 

Figure  7  illustrated  the  difference  of  NO  emission  against  BP  for  the  test  fuels  with  3,4  &,5  hole  injectors. 
Nitrogen  oxide  emission  development  in  a  compression  ignition  engine  is  based  on  the  combustion  temperature  and 
oxygen  availability.  It  is  noted  that  nitrogen  oxide  emission  for  diesel  and  LGOME20  with  3  hole  nozzle  is  1260ppm  and 
1376ppm  respectively.  The  NO  emission  is  high  in  the  case  of  the  biodiesel  blend.  Due  to  this,  biodiesel  includes  more 
oxygen  that  enhances  the  combustion  method  leads  to  increases  the  peak  combustion  temperature.  At  100%  load  the  NO 
emission  obtained  for  LGOME20  with  4  and  5  hole  nozzle  is  1482ppm  and  1568ppm  respectively.  This  is  because  of  more 
vaporization  and  atomization  of  fuel  particles  by  increased  number  of  holes  resulting  in  increase  in  peak  cylinder 
temperature  resulting  in  increased  NOx  emissions  [21].  Such  outputs  are  in  accordance  with  practical  observations  of 
Gumus  et  al.  (2006). 

3.6  Smoke  Emission 

Figure  8  exhibits  difference  of  smoke  opacity  with  BP  for  diesel  and  LGOME20  for  3,  4  and  5hole  injectors.  The  smoke 
formation  is  due  to  fuel  rich  zones  and  lack  of  oxygen  for  combustion.  It  is  noted  that  at  100%  load,  the  smoke  emission 
obtained  for  diesel  and  LGOME20  with  3  hole  injector  is  69%  and  54%  respectively.  This  decrease  in  smoke  emission 
may  be  the  more  due  to  the  presence  of  oxygen  molecule  in  the  biodiesel  which  enhance  the  oxidation  of  fuel  and  air[27]. 
Further,  the  smoke  emission  was  decreased  for  LGOME20  fuel  by  increase  in  number  of  injector  holes.  This  raise  in 
number  of  holes  may  improve  the  atomization  and  vaporization  of  fuel  particles  which  effects  good  biodiesel  combination 
combustion.  The  maximum  smoke  was  obtained  for  LGOME20  with  4  and  5  hole  injector  is  48%  and  38%  respectively  at 
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100%  load.  These  outputs  are  consistent  with  the  experimental  obseryations  of  Gumus  et  al.  (2006). 


4.  CONCLUSIONS 

In  this  work,  the  working  characteristics  of  20%  Lemongrass  oil  methyl  ester-diesel  blend  are  evaluated  with  3,4  and  5 
holes  injector  at  injection  timing  and  standard  injection  pressure.  From  the  practical  observations,  the  subsequent 
conclusions  were  drawn. 

•  The  BTE  for  LGOME20  with  5  hole  injector  is  2.2%  higher  than  that  of  3  hole  injector  when  compared  to  3  hole 
injector  for  the  same  fuel  at  100%  load.  The  BSFC  for  5  hole  injector  is  little  lesser  than  the  nozzle  of  having  3 
and  4  hole  injectors. 

•  The  CO  emission  of  LGOME20  with  5  hole  injector  is  decreased  by  33%  and  the  HC  emission  of  LGOME20 
with  5  hole  injector  also  decreased  by  29%  when  compared  to  3  hole  injector. 

•  The  NOx  emission  of  LGOME20  with  5  hole  injector  is  increased  by  14%  and  the  smoke  emission  as  also 
decreased  by  44%  when  compared  to  3hole  injector  at  100%  load.  Since  oxygen  is  present  in  the  biodiesel  and 
enhanced  atomization  of  fuel  by  the  increased  number  of  holes  promotes  oxidation  of  fuel  and  air  leads  to  better 
combustion  at  100%  load. 
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